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CLAIMS 

I claim: 

i. A method of relieving congestion in a packet-based 
networks, that interconnects a plurality of peripheral networks 
by implementing corrective actions in said peripheral 
networks, s^Lid peripheral networks each comprising a plurality 
of switches, ^and said packet-based network comprising a 
plurality of gateway nodes having data to be transferred 
therebetween, and\itilizing a concept of-_jzJuit:ual^pi^^^ 
between said jgatewayNnodes, said pipelines comprising one or 
more channels, said metbod comprising the steps of: 

(1) identifying a firsst set of virtual pipelines for 
which traffic exceeds a predetermined threshold; 

(2) for each virtual pipeline in said set, determining a 
number of additional channels needed to cause said traffic 
through said pipeline to not exceecksaid predetermined 
threshold; and \ 

(3) for each pipeline in said first\set, assigning a 
corrective action and an amount of said corrective action to 
be taken in said peripheral networks as a function of said 
number of additional channels. \ 



2. The method set forth in claim 1 whereiirv step (3) 
comprises the steps of assigning a call gapping rate for each 
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switch in the peripheral network contributing traffic to a 
pipeline for wh;tfph traffic exceeds said predetermined 
threshold. 

3. The method\set forth in claim 2 wherein said call 



gapping rates are 



it - i N ) i \\ 



\ 



where \ 

A,t is a call arrival ^ate for a corresponding pipeline; 



and 



A,^ is a call arrival rate\ corresponding to said 



predetermined threshold for said corresponding pipeline. 

4. The method set forth in claim 3 wherein said 
predetermined threshold is a call blocking ratio and wherein 
step (2) comprises determining a minimum pipeline size that 
would reduce the call blocking ratio foresaid pipeline below 
said predetermined threshold based on a call arrival rate at 
said virtual pipeline and an average holding time per call. 



5. The method set forth in claim 4 wheVein said minimum 
pipeline size is expressed as a number of chanhels, M, in said 
pipeline and wherein step (2) comprises determining a number 
of channels M by; 
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, \ (X i / ^i) M / M 
B M (^i All) = IT 



\ Z (*i / ^) n / n ! 

n=0 



wherein N 

\ 

P(t) = U (t) / ^(t) 

or 

p'(t) = X(t) - p(t)\/ n(t) 

6. The method set fortk in claim -5 wherein 
p(t) = X( (t) / (l(t) is used whfen call rate through said 

pipeline has been historically increasing and 

p'(t) = ^(t) - p(t)|l(t) is used whep call rate through said 

pipeline has been historically decreasing. 



7. The method set forth in claim 4 wherein said network 
is an asynchronous transfer mode network. 



8. The method set forth in claim\7 wherein said network 
is used to exchange voice data. 



9. The method set forth in claim 8 Wherein said other 
networks comprises time division multiplexed networks. 



• 
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10. The method set forth in claim 1 wherein said 
corrective action \comprises rerouting calls in said peripheral 
networks that would so that they pass through a different 

pipeline in said packet-based network. 

\ 

\ 

11. The method set forth in claim 10 wherein said 
predetermined threshold, is a call blocking ratio and wherein 

step (2) comprises determining a minimum pipeline size that 

\ 

would reduce the call blocking ratio for said pipeline below 

said predetermined threshold based on call arrival rate at 

\ 

said virtual pipeline and ^verage holding time per call. 



12. The method set forth in claim 11 wherein said 
minimum pipeline size is expressed as a number of channels, M, 
in said pipeline and wherein s^tep (2) comprises determining a 
number of channels M by; 

(X L I \\ H / M ! 
B M (^i / \i) = IT 



n=0 



wherein 

P(t) = U (t) / ji(t) 



or 



p'(t) = X(t) - p(t)Jl(t) 
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13, The method set forth in claim 11 wherein said 
network comprises a. plurality of gateway nodes through which 
calls in said peripheral networks enter and exit said packet- 
based network and wherein step (3) comprises the steps of: 

(3.1) determining a peak cell rate corresponding 
to said number of additional channels; 

(3.2) determining if there is at least one 
gateway node corresponding^ to a source peripheral network for 
which there exists a path in said packet-based network to a 
destination node of said pipeline; 

(3.3) determining if said path can accommodate a 
pipeline having said peak cell\rate; and 

(3.4) generating data indicating one or more 
alternate source gateways. \ 

14. The method set forth in alaim 13 further comprising 
the step of: \ 

(3.5) outputting said crata to said peripheral 
networks . \ 

15. The method set forth in claim 13 further comprising 
the step of: \ 

(4) organizing prior to step (3) said\ pipelines 
identified in step (1) in order of said number of additional 
channels determined in step (2) ; and \ 
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\ 

wherein stepk (3.1), (3.2), (3.3), (3.4) and (3.5) 

are performed for each pipeline identified in step (1) in 

\ 

order from said pipeline corresponding to said highest number 

\ 

of additional channels to sVid lowest number of additional 

\ 

channels . \ 

s 



16. The method set forth\ in claim 15 wherein step (3.2) 
comprises creating a list of ali gateway nodes and wherein 
step (3.3) is performed with respect to each source gateway in 
said list of gateways until a source gateway having a path to 
said destination gateway that can accommodate a pipeline 

having said peak cell rate is located. 

\ 

\ 

17. An apparatus for relieving \^ongestion in a packet- 
based network that interconnects a plurality of peripheral 
networks by implementing corrective actions in said network, 
said packet-based network comprising a plurality of gateway 
nodes having data to be transferred therebetween, and 
utilizing a concept of virtual pipelines between gateway nodes 



of said network, said pipelines comprising! one or more 
channels, said method comprising the steps lof : 

means for identifying a first set of virtual pipelines 
for which traffic exceeds a predetermined threshold; 

means for determining, for each virtual \pipeline in said 
set, a number of additional channels needed to cause said 
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traf f ic\through said pipeline to not exceed said predetermined 
threshold\^and 

means fpr assigning, for each pipeline in said first set, 

\ 

a corrective action and an amount of said corrective action to 

\ 
\ 

be taken in sai^ peripheral networks as a function of said 
number of additional channels. 



19 



18*. The apparatus set forth in claim 17 wherein said 
means for assigning comprises: 

means for assigning a call gapping rate for each 
peripheral network contributing traffic to a pipeline for 
which traffic exceeds said predetermined threshold. 



15 



19. The apparatus set 
call gapping rates are 



>rth in claim 18 wherein said 



where 



A, t is a call arrival rate for a corresponding pipeline; 



20 



and 



A, N is a call arrival rate corre; 



lg to said 



predetermined threshold for said corresponding pipeline, 



# 
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20. T^ie apparatus set forth in claim 19 wherein said 
predetermine^ threshold is a call blocking ratio and wherein 
said means f ©redetermining comprises determining a minimum 

pipeline size tkat would reduce the call blocking ratio for 

\ 

said pipeline bel^w said predetermined threshold based on a 
call arrival rate said virtual pipeline and an average 
holding time per cal: 



n I 



21. The apparatus\ set forth in claim 20 wherein said 
minimum pipeline size is\expressed as a number of channels, M, 
in said pipeline and wherein step (2) comprises determining a 
number of channels M by; 

(X L />) / M i 
B M (^i / V) = "M 



X (^i /V> n / n ! 



15 



wherein 

p(t) = X( (t) / [i(t) 



or 



p'(t) = A,(t) - p(t)^l(t) 

22. The apparatus set forth in claim ^21 wherein 
p(t) = X( (t) / |i(t) is used when call rate tttrough said 

pipeline has been historically increasing and^ 
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p'(t) = A,(t) V p(t)|l(t) is used when call rate through said 

\ 

pipeline has be^en historically decreasing. 

\ 

23. The apparatus set forth in claim 20 wherein said 

\ 

network is an asynchronous transfer mode network. 



24. The apparatus set forth in claim 23 wherein said 
network is used to exchVnge voice data. 

25. The apparatus sat forth in, claim 24 wherein said 
other networks comprises time division multiplexed networks. 

26. The apparatus set forth in claim 17 wherein said 
corrective action comprises rerouting calls in said peripheral 
networks so that they pass through a different pipeline in 
said packet-based network. 



27. The apparatus set forth in\claim 2 6 wherein said 
predetermined threshold is a call blocking ratio and wherein 
said means for determining comprises determining a minimum 
pipeline size that would reduce the call\ blocking ratio for 
said pipeline below said predetermined threshold based on call 
arrival rate at said virtual pipeline and \average holding time 
per call. 
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28. The\ apparatus set forth in claim 27 wherein said 

\ 

minimum pipeline size is expressed as a number of channels, M, 
in said pipeline and wherein step (2) comprises determining a 
number of channels M by; 



v Z (^i / ^) n / n ! 



n=0 



wherein 

p(t) = X( (t) / 



or 

p'(t) = A,(t) - p(t)n(t) 

29. The apparatus set forth\in claim 27 wherein said 
network comprises a plurality of gateway nodes through which 
calls in said peripheral networks enter and exit said packet- 
based network and wherein said means Vor assigning comprises: 

means for determining a peak\cell rate corresponding 
to said number of additional channels; 

means for determining if there ys at least one 
gateway node corresponding to a source peripheral network for 
which there exists a path in said packet-ba^ed network to a 
destination node of said pipeline; 

means for determining if said path \can accommodate a 
pipeline having said peak cell rate; and 
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v means for generating data indicating one or more 
alternate source gateways. 

\ 

\ 

30. The apparatus set forth in claim 29 further 
comprising: \ 

means\for outputting said data to said peripheral 
networks. \ 

31. The apparatus set forth in claim 29 further 
comprising: \ 

means for organizing said pipelines identified by said 
means for identifying saYd first set of virtual pipelines in 
order of said number of aoditional channels determined by said 
means for identifying; and \ 

wherein said means for assigning acts on each pipeline 
identified by said means for identifying said first set of 
virtual pipelines in order from siaid pipeline corresponding to 
said highest number of additional channels to said lowest 
number of additional channels. \ 

32. The apparatus set forth in claim 31 wherein said 
means for determining if there is at leasl said one gateway 
node comprises means for creating a list ok all gateway nodes 
and wherein said means for determining if said path can 
accommodate a pipeline having said peak cellVrate acts upon 
each source gateway in said list of gateways until a source 
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gateway having a\path to said destination gateway that can 

accommodate a pipeline having said peak cell rate is located. 

33. A method o£\ relieving congestion in a packet-based 
network that interconnects a plurality of peripheral networks 
by implementing corrective actions in said peripheral 
networks, said packet-baked network comprising a plurality of 
nodes through which calls \pass, said plurality of nodes 
including gateway nodes through which calls enter said packet- 
based network from said peripheral networks and exit said 
packet-based network to said peripheral networks, said method 
comprising the steps of: \ 

(1) identifying a sen of pairs of g ateway nodes 
contributing traffic to individual, ports of said packet-based 
network that are experiencing congestion above a predetermined 
threshold; \ 

(2) for each pair of gateway nodes identified in 
step (1), assigning a bandwidth correction factor as a 
function of a fraction of calls between\said pair of gateway 
nodes that would need to be blocked to maet said threshold for 
a port to which that pair of gateway nodes is contributing 
traffic that is most congested; \ 

(3) for each pair of gateway nodes identified in 
step (1), assigning a corrective action and Wn amount of said 
corrective action to be taken in said peripheral networks as a 
function of said bandwidth correction f actor. \ 
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34. The method set forth in claim 33 wherein step (3) 
comprises the steps\of assigning a call gapping rate for each 
peripheral network contributing traffic to a port for which 
traffic exceeds said predetermined threshold. 

\ 

\ 

35. The method set Vforth in claim 34 wherein said call 

\ 

gapping rates are \ 
where 

X t is a call arrival rate foar a corresponding pipeline; 

and 

A, N is a call arrival rate corresponding to said 
predetermined threshold for said corresponding pipeline, 



36. The method set forth in claim \3 wherein step* (1) 
comprises the steps of: 

(1.1) comparing a present utilization of each 
port to a utilization threshold; and 

(1.2) for each port with preseht utilization 
exceeding said threshold, finding a set of p^irs of gateway 
nodes contributing calls through said port, 
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37. The method \set forth in claim 36 wherein said 

\ 

threshold comprises a \ielay jitter parameter. 



38. The method set\ forth in claim 36 wherein said 

\ 

threshold comprises a packet loss parameter. 

\ 

39. The method set foVth in claim 36 wherein said 
threshold comprises a delay fitter parameter and a packet loss 
parameter . 



40. The method set forth \n claim 36 wherein step (3) 
comprises : 

(3.1) for each port identified in step (2), 
determining the number of calls per second that can be 
accommodated at said port without exceeding said threshold; 

(3.2) for each port identified in step (2), 
determining the ratio by which the actiual number of calls per 
second through said port exceeds said threshold; and 

(3.3) for each pair of gatewayy nodes that is 
contributing traffic to at least one congested port, assigning 
to said pair of gateway nodes a voice compression ratio 
corresponding to the port to which it is contributing traffic 
that is most congested. 



41. The method set forth in claim 40 wherein step (3.1) 
comprises solving: \ 
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T = 



n=0 



X (a c / ^i) n / 



c 



(g c / n) c / c l 



n ! 



\ 



\ 



\ 



\ 



for a c# where \ 

C is a number of\calls that can be accommodated at the port as 
determined by saicK threshold, 

1/p. is an average hoYding time per call, and 

a c is said number of caJ-ls per second that can be accommodated 
at that port, \ 

42. The method set forvth in claim 41 wherein step (3.2) 
comprises the step of solving\ 

M \ 

a A = X ^Ri,j \ 
j-0 \ 

where a A is an average arrival rate fbr calls between pairs of 
nodes in said set of gateway nodes contributing traffic to 
said port. \ 

43. The method set forth in claim 42y, wherein said 
bandwidth correction factor are derived by \ 
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where O n isv said bandwidth correction factor, 



33 



44. The method set forth in claim 0 wherein said 

. \ *■ . . 

corrective action comprises re-routing calls in said 
peripheral networks . 



45. The method set forth in claim 44 wherein step (3) 
comprises the steps pf : 

(3.1) fbr each pair of gateway nodes identified 
in step 1, determining\ a number of extra channels needed to 
reduce traffic below said threshold; 

(3.2) determining if there is at least one 
gateway node corresponding to a source peripheral network for 
which there exists a path iVi said packet-based network to a 
destination node of said pipeline; 

(3.3) determining if all ports through which 
said path traverses have present utilization less than their 
utilization thresholds . 

(3.4) generating data \_ n dicating one or more 
alternate source gateways. 



46. The method set forth in cl\iim 45 further comprising 
the steps of: 

(3.5) outputting said d^ta to said peripheral 

networks . 
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47. The methoq set forth in claim 46 further comprising 
the step of: 

(4) ordering prio^ to step (3), said pipelines identified 
in step (1) in order of\said number of extra channels 
determined in step (2) ; and 

wherein steps 03.1), (3.2), (3.3), (3.4) and (3.5) 
are performed for each pipeline identified in step (1) in 
order from said pipeline corresponding to said highest number 
of extra channels to said lowest number of extra channels. 



48. The method set f orth\ in claim 47 wherein step (3.2) 
comprises creating a list of alu. gateway nodes and wherein 
step (3.3), (3.4) and (3.5) are performed for each path in 
said list created in step (3.2). 



